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1 
This invention relates to petroleum emulsions 
of çhe water-in-oil type that are commonly 
referred fo as "cut off," "roily off," "emulsified 
off," etc., and which comprise fine ch'oplets of 
naturatly-occurring waters or brines dispersed in 
a more or less permanent state throughout the 
off which constitutes the continuous phase of the 
emulsion. 
One object of my invention is fo provide a novel 
irocess for breaking or resolving emulsions of the 
kind referred to. 
Another object of my invention is to provide 
an economical and rapid process for separating 
emulsions which have been prepared under con- 
trolted conditions from mineral off, such as crude 
off and relatively sort waters or weak brines. 
Controlled emulsification and subsequent demul- 
sification under the conditions just mentioned, 
are of sigïfificant value in removLg impurities 
particutarly inorganic salis from PiielLe off. 
Demulsification as contemplated in the present 
application includes the preventive step of com- 
mingling the demulsifier with the aqueous com- 
ponent which would or might subsequently 
become either phase of the emulsion, in absence 
of such precautionary measure. Similarly, such 
demutsifier may be mixed with the hydrocarbon 
comportent. 
The demulsifying agent employed in the pres- 
ent process is a fractional ester obtained from a 
polycarboxy acid and a diol obtained by the oxy- 
propytation of dihydroxylated ethers of glycerol 
with the proviso that each ether radical of the 
original glycerol diether have less than 8 carbon 
atoms and is preferably obtained from a water- 
soluble, aliphatic alcohol but may be obtained 
from an a]icyclic alcohol such as cyclohexanol or 
from a phenol such as hydroxybenzene or cresol. 
Glycerol ethers which have two ether linkages 
and also two hydroxyl radicals and a lengthy 
repetitious polypropylene oxide radical in the 
form of a polyether are suitable for the synthesis 
which yields the .herein described denulsifying 
agents. Such ethers can be obt.ained by various 
procedures. The simplest procedure is to obtain 
diethers of glycerol and react such diether with 
a plura]ity of moles of propylene oxide and sub- 
sequently convert such monohydric comiound 
into a diol by means of glycide. A number of 
diethers of glycerol, suchas glycerol alpha- 
gamma diisoiroiyl ether, glycerol alpha-gamma 
diihenyl ether, etc., are available in the open 
market. These products are prepared readily by 
reacting epichlorohydrin with the selected alco- 
ho! so as fo yield an ether of epichlorohydrin. 

2 
Such ether can then be reacted witl% alkali so as 
to give a glycidyl ether. Such glycidyl ether can 
be reacted further with a second mole of alcohol, 
either the same alcohol or a different alcohol, so 
5 as to yield a diether of glycerol. As to a com- 
p!ete description of such reaction see pamphlet 
entitted "Epichlorohydrin," Shell Chemical Cor- 
poration, 500 Fifth Avenue, New York city, N. Y. 
More specifically then the glycerol diethers are 
l0 obtained from hydroxylated compounds such as 
an alcohol, phenol, or phenoxylalkanol or the 
tike, free from any radical having 8 or more car- 
bon .atoms. Such monohydric glycerol diether is 
reacted with propylene oxide so as fo obtain a 
15 high molal alcohol ether or glycerol diether. 
The m_onohydric compound so obtained is reacted 
with glycide so as fo get a diol in which both 
hydroxyls are attached to two of the three termi- 
nal carbon atoms ai one end of the molecule, and 
20 ai the otheï end of the molecule there is a 
branched structure due to the fact that a diether 
of glycerol was the initial starting materiah Ail 
of this will be described more fully subsequently. 
leference is ruade fo the fact that the initi.al 
25 monohydric reactant used to produce the diether 
 of glycerol must have less than 8 carbon atoms. 
This means that the oxypropylated monohydric 
compound must be free îrom any radical having 
8 carbon atoms or more. Such compound is in 
30 essence a high molal ether alcohol. The expres- 
sion "high molal" is employed to indicate a prod- 
uct having a molecular weight from 1,000 to sev- 
eral thousands, preferably within the range of 
1,500 to 4,000 or even a more narrow range as 
35 stated subsequent!y. Suitable monohydric mate- 
riais include the usual atiphatic alcohols, such 
as methyl alcohol, ethyl alcohol, propyl alcohol, 
butyl alcohol, atlyl alcòhol, hexyl alcohol, etc. 
Aiso there are included the phenols such as 
40 hydroxybenzene and cresol. Similarly, the hy- 
drogenated derivatives of such phenols, i. e., the 
a]icyclic alcohois, are Lcluded. Benzyl alcohol 
and hydrogenated benzyl alcohol may be used. 
Other alcohols which can be emiloyed include 
45 tetrahydropyran-2-methanol and tetrahydrofur- 
fury! alcohol. My preference is fo use aliphatic 
alcohols having aç le,st 3 carbon atoms and pref- 
erab!y being water-soluble. This includes iroiyl 
alcohot, butyl alcoho], or amyl alcohol. L the 
50 case of butyl and amyl alcohols some of the iso- 
mers are water-soluble fo the extent that they 
show solubility fo the extent of a few percent at 
room tempereature, leference fo the hydrocar- 
bon group of such alcohols includes, of course, 
55 the derivatives of tetrahydropyran-2-methanol 



and tetrahydrofurfuryl .alcohol even though 
there is an oxygen atom present. For the pres- 
ont purpose such radicals act as if they were 
entirely hydrocarbon in nature insofar that the 
presence of the oxygen atom contributes no 
objectioble property. 
The oxypropylation; or for that matter the 
treatment of such monohydric compounds with 
any alkylene oxide and particularly ethylene 
oxide and propylene oxide, is well known. Itis. 
preferably conducted in the presence of an 
alkaline catalyst and a residual catalyst is pref- 
erably permitted to romain in the mass at. the end 
of the reaction in order to catalze subsequent 
treatment with glycide. 
Briefly stated thon a monohydric alcohol or 
other monohydric reactant having less than 8 
carbon atoms in any single radical may be indi- 
cated thus: 1%'OIt. Such reactant can be em- 
ployed to produce a diether of glycerol which, for 
convenience» can- be, indicated thus: 
(cssD oI 
R,O / 
1%eacting such monohydric alcohol, or more cor- 
rectly monohydric ether alcohol, with propylene 
oxide the reSultant ether alcohol may be indi- 
cated thùs: 
/ 
- Rr 0 
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alkylene oxide units. Furthermore, propylene 
oxide being an unsymmetrical alpha-beta oxide 
it may have ring rupture so as to involve, at least 
theoretically, two different isomeric derivatves. 
i This is true, also, in regard to glycide, i. e., at 
least theoretlcally as the twé termiïl'.hydroxyls, 
instead, of beinga.ttached to te two carbon atoms 
shown, might be attached to the first and second 
carbon atoms and not to the third, or more cor- 
10 rectly the branched chain carbon atom. 
From What is said hereinaïter it is immaterial 
as to which particular isomer is obtained, or if 
a mixtme is ebtained. In any event, having 
obtained::such-glycol ether or diol, or etherized 
15 glycerol, such-product is thon reacted with a 
polycarboxy acid or anhydride in the ratio of 
two: moles of acid or anhydride for each mole of 
diol. 
Briefly thon, the present invention is concerned 
20 with a process for breaking petroleum emulsions 
of-the water-in-oil type chracterized . by ub- 
jeeiiag the emulsion to the action of a demulsi- 
fier including-hydrophile syrlthetic products; 
said hydrophile- syntheic products being charac- 
25 terized by the following formula: 
oR' 
0 0 
0 ooc)o,o-c- -co 
l(ç o o..),   -- 
in which n is a whole number varying ïrom 15 to 
80; n' is a whole number n0t 0ver 2; R' is ahy- 

It  has been pointed out previously that such drocarbon radical having less than 8 car]bon 
monohydric ether alcohols must be of fairly high 35 atoms, and 1% is a radical of the polycarboxyacid 

molecular weight-and thus the value of n in the 
preceding formula is within the range of ap- 
proximately 15 t0 80. My preference is that the 
molecular we}ght.of the compound at this stage, 
i. e., prior to treatment withglycide, be within 
the range of 2,000 to 3,000. Purely as a marrer 
of convenience the preceding formula can be re- 
written thus: 
1t, o 45 
\'C ]0 (C:r 0 ),C ,:r 0 :r 
R,O / 
without changing n to n--l. 
It is immaterial as to the methodoï obtaining 
the diethers of glycerol and as to the method of 50 
oxypropylating uch compounds. Oxypropyla- 
tion is conventionally conducted in presence of 
an alkaline catal-yst such as caustic soda, sodium 
methylte, etc. 55 
ttaving obtained such high molal oxypropyl- 
ated derivative it is thon treated with glycide or 
otherwise reacted so as to produce a diol which 
also may be reïerred to for convenience as an 
etherized glycerol. This may  be shown in the 
6O 
following re'action: 
R0 
CH0(CH0),,CH0H, -{- CH0H--CH CH 
R' 0 / \ 0 / 
65 
C Fr  0-(C Fr 0). C sFr0 C--C --Ff. 
R'O /  0 
o 70 
In examining the above reaction it is obvious 
that an is0meric mixture is obtained for reasons 
which are obvious in light of what is said subse- 
quently concerning oxyethylation or oxypropyl- .. 
ation when there is a multiplicity of recurrini i5 

Coor 
\. 
(CO0)., 
40 in which n' bas its previous signïficance; With 
the further proviso thatthe parent diol prior to 
esterification be water-insoluble and kerosene- 
soluble, and fUrthermorethat in said diol the two 
hydroxYl radicals be attached to two of thethree 
adjacent càrlon atoms of a ërminal grOup 0p- 
posite to the terminal gröup 
R'o 
Attention is.directed fo the co-pending, appli- 
cation of C. M. Blair, Jr., Seril No. 70,811, filed 
January 13, 1949 (now Patert:No. 2,562878/dated 
Aug. 7, 1951), in Whichthere isdeScribed, among 
other things, a: process for breaking petroleum 
emuIsions of the water-inoil type characteriZed 
by subjecting the emu]si0n-to theactïon 
esterfication.product of a dicarbéXylic::acid arïd 
a p01yalkylene glycol n v¢hich the ratio Of 
equivalents of: polybasic aCid to eqfiivalents.of 
polyalkylene glycol is in.therange.of 0..5 t0 2:0, 
in which the alkylene gr0up bas from 2 to: 3 
carbon aoms, and in whieh the molecùlar weight 
of ttie product is between 1,500 t« 4,000. 
Similarly, there bave been. use esters of di- 
carboxyacids and polypropylene glycols in- which 
2 mo]es of the dicarboxy acid este bave beenre- 
acted with one mole of a. polypropylene glycol 
having a molecular weight,, for exemple, of.2»900 
so as to form an acidic fractienal ester. -Eami- 
nation of what is said. subsequently herein .as 
well as the hereto appended claimsin comparïsen 
wfth the previos example will show the line of 
delïneati0n befween such somewhat comparable 
compeunds. Of greter significnce, however,:is 



wha is said subsequently in regard to the struc- 
.tdrë.0f the pCent diol as.compared to polypr0- 
pylene glycols whose molecular weights may vary 
fr0m 1,000 fo 2,000. 
For convenience, what is said hereinafter may 
be divided into six parts: 
Pt 1 Will be Concerned with the oxypropyla- 
tion derivatives of the monohydric compounds; 
Part 2 will be c0ncerned with the preparation 
of the diols by reacting the above-mentioned 
oxypropylted monohydric compounds with gly- 
cide or by other suitable means; 
Part 3-is concerned with the-preparation of 
esters from. the afurementioned diols; 
Part 4 is concerned with the structure of the 
peculiar herein described diols and their signifi- 
cance in light of vhat is said subsequently; 
Part 5 is còncerned with the use of the prod- 
Ucts herein describod as demsulifiers for break- 
ing water-in-oil emulsions; and 
Part 6 is concerned with certain derivatives 
which can be obtained from the. diols of the 
type aforementioned. 
In some instances such derivatives are ob- 
tained by modest oxyethylation preceding the 
oxypröpylation step, or oxypropylafi0n followed 
by oxyethylation. Similarly» modest oxypropy- 
lation could follow treatment with glycide. This 
resultsïn diols having somewhat different prop- 
erties which can then be reacted with the saine 
polycarboxy acids or anhydrides described in 
Part 3 fo give effective demsulifying agents. For 
this rèason a description of the apparatus makes 
casual mention of oxyethylation. For the saine 
reason there is brief mention of the use of glycide. 
PART 1 
Previous reference bas been ruade to the use 
of certain monohydric compounds as initial raw 
matërials. Such compounds include glycerol 
.alpha-gamma dimethyl ether, glycerol alpha- 
gamma diethyl ether, glFcerol alpha-gamma di- 
isopropyl ether, glycerol alpha-gamma dibutyl 
ther, glycerol alpha-gamma diphenyl ether, etc. 
As a marrer of. convenience, the invention will be 
illustrated by means of he two raw materials 
most readily .avaflable, i. e., glycerol alpha-gamrna 
diisoproyl ether, and glycerol alpha-gamma 
phenyl ether. 
For a number bf well known reasons equip- 
ment, whether laboratury size, semi-pilot plant 
ize/pilot plant size, or large scale size, is not 
as, a rulefdesigned for a particular alkylene 
oxide. Invaïiably. and inevitably, howéver, or 
particularly in - the case of laboratory equip 
ment and pilot plant size the design is such as 
fo use any of the customarily available alkylene 
oxide, i. e, ethylene oxide, propylene oxide, buty- 
lene odde, glycide , epichlorohydrin, styrene 
oxide, etc: In the subsequent description of the 
equipment it becomes obvious that if is adapted 
for oxyethylation as well as oxypropylation. 
Oxypropylations are conducted under a wide 
variety ofconditions, not only in regard fo 
presence or absenceof catalyst, and the kind of 
catalyst, but also in regard to the rime of reac- 
tion, temperatUre of reaction, speed of reaction, 
pressure during reaction, etc. For instance, 
0xyalkylations can be conducted at temperatures 
up t approximately 200  C. with pressures in 
about the saine range up fo about 200 pounds per 
squar e inch; They can bo conducted also af tem- 
peratures approximating the boiling point of 
waer pr slightly..ab6ve, as for example 95 ° fo 
120° iC; Under Such circurnstances the pressure 

,will be less than 30 pounds per square inch un- 
. less s0m special procedure is employed as is 
sometimes the case, fo wit, keeping an atmos- 
Phere of inert gas such as nitrogen in the vessel 
5 during the reaction. Such low-temperature-low 
reaction rate oxypropylations bave been de- 
scribed very completely in U. S. Patent No. 
2,448,664, to H. R. File, et al., dated September 
,. 1948. Low temperature, low pressure oxy- 
lê propylations are particularly desirable where the 
.comP0Und beirig subjectd fo oxypropylation 
contains one, two or three points of reaction 
only, such as monohydric alcohols, glycols and 
tri01s. 
1  Since 10w pressure-low temperature reaction 
 speed oxypropYlations require considerable rime, 
for instance , 1 fo 7 days of 24 hours each fo com- 
plete the reaction they are conducted as a rule 
whether on a laburatory scale, pilot plant scale, 
20 or large scale, so as fo operate automatically. 
The prior figure of seven days applies especial- 
ly to large-scale 0Perations. I bave used con- 
ventional equipment with two added automatic 
features; (a) a solenoid controlled valve which 
25 shuts off the propylene oxide in event that the 
temperature gets outside a predetermined and 
set range, for instance, 95 ° fo 120 ° C., and (b) 
another solenoid valve which shuts off the pro- 
pylene oxide (or for that marrer ethy!ene oxide 
3o if it is being used) if the pressure gets beyond 
a predetermined range, such as 25 to 35 Pounds. 
Otherwise, the equipment is substantially the 
saine .as is commoniy employed for this purpose 
where the pressure of reaction is higher, speed 
35 of reacion is higher, and rime of reaction is 
much shorter. In such instances such automatic 
controls are.hot necessarily used. 
Thus, in preparing the various examp!es I bave 
0und if particularly advantageous fo use labora 
40 tory equipment or pilot plant which is designed 
fo permit cotinuous oxyalkylation whether if be 
oxyPr0Pylation or oxyethylation. With certain 
bvious changes the equipment can be used also 
fo permit oxyalkylation involving the use of gly- 
45 .cide. where no pressure is involved except the 
vapor pressure of a solvent, if any, which may 
have been used as a diluent. 
As previously pointed out the method of using 
propylene oxide is the saine as ethylene oxide. 
50 This point is emphasized only for the reason that 
he apparatus is so designed and constructed as 
,fo use either oxide. 
The oxypropylation procedure employed in the 
preparation of the oxyalkylated derivatives bas 
55 been unifurmly the saine, particularly in light of 
he faCt that a coninuous automatically-con- 
trolled procedure was employed. In this pro- 
cedur e the autoclave was a conventional auto- 
clave ruade of stainless steel and having a capacity 
60 of approximately 15 gallons and a working pres- 
sure of one. thousand pounds gauge pressure. 
This pressure obviously is far beyond any 
quiremet as far as propylene oxide goes uniess 
there is a reaction of explosive violence involved 
65 due fo accident. The autoclave was equipped 
with the conventional devices and openings, such 
aS the Variable-speed stirrer operating at speeds 
from 50 1. P. M. fo 500 1. P. M.; thermometer 
Well and thermocouple for mechanical thermom- 
70 eter; emptying ourlet; pressure gauge, manual 
Vent line; charge hole for initial reactants; at 
least one connection for introducing the alkylene 
oxide, such as propylene oxide or ethylene oxide, 
o-.the bottom of the autoclave; along with suit- 
75 ablede/ces. for b0th cooling and heating the 



utoclave; such  as a cooling Jcket;'and»  pfefer 
ably; co!ls-inaddit0n theretoTwith' the-jacket 
soarrangedthatit.,is suitabl-for heatgith 
steam or "cooling-thwterandTther equipped 
with electrical heat dces. - Such autocláves 
are, of course; inessencesmallsclereplica0f 
the usual cenventional autoclave  d oxyall- 
ation procedes. oEn someinstancesiexplora - 
tory preparations an' utoclavehaving a'smller 
capacity; for itnce;"aPproxately-3 qiters 
in one case nd  ab0ut-:l's gallons in other 
ase,was used. 
Contuous operation,.. or Substanially -con- 
tuo operation, was achieved by the usè0fa 
separate container  fo -hold  ïthe  ulkytne-- oxide 
being empl0yed .particarlypropylene-0xie. 
councionwith the smatler autoclaves; the con- 
taer consists. essentillyof  alaboratory  b0mb 
havg a  capacityof-about one-half gall0n;, or 
somewhat- in exces thereof. In some" itances 
a. larger bomb as usedï to:wit, - one -havg. a 
capacity .o about one-gatlon. 
equipped,, also- With  an: inletïor - chargg;and 
an eductor tube-gog 
tainer  so as to-peib dischargi  'of -alkylen 
oxide  the-liquid phase 
bomb havg a capacity o - abou 60-pounds-was 
used  conneetionwiththe--15-gllonautoclve. 
Other Conventional-equipment coists»-of COUrSe, 
of the rupture dc,. prse gauge, sight eed 
glass, thermometer coeetion- for-.nitroge  or 
pressing bomb, etc.-Thebomb:-was pluced..on 
a scaledurg-use.. The c0nnectio.beween-he 
bomb and the autoclave ere:fieiblestaintess 
steel-hose or tubg  so hat. c0inuous weighings 
cod be ruade-with0u breing, or-makga-nY 
connections. his.applies -a-lso. to: the  nitrogen 
iine which was used .to preurë.thebomb reser- 
voir.. To. he ëXent: that.:it.: was :reqrediany 
other úal. conVentïonal prooede .. or. ddition 
vhichprovided greatersafety.was usd ofeose, 
such as safety glass protectivescreens, etc. 
 Attention . diréctëd again  fo  hat  ha ,been 
said .previouslyin regard- to:automatic.:controls 
Wich. Shut offçthepropyleneoxide innovent tem - 
perate of .reation,:passes out .o: the -predeter- 
mined range or ff preure-in theaut0.Clavepasses 
0ut»of. predetermined range. 
. ;ith. this-: Dar.tïcular, c'arrangement- praticlly 
ail ox-ypropylationsb:ecome 
reaction temperatm'e waheld« thin:. a::,few fie- 
grees oî any selected point, for.instanceif:l5  C. 
was.selected as .the..:oerating,,temperáte'--the 
maximum  point- ouldbe at) the most/It0 C. 
or 112  C.,,and.',thdowez point'would: 
possibly: 98» C.. Similarly» the:pzessure ws held 
af approximateiy 30 pounds within a. 5pound 
variation one: waF or the othr, buç might:op 
to-practically zero  especially where .no,sotvent 
"such as xylene is empl0yed,  The speed of: reac 
tion was comparatively, slow under such condi- 
tions as compared with oxyalkyltionsat200 ¢ C. 
Numerous reactionswere conduced'in whieh  the 
time.varied from oe, day '(24 hours)-:up to three 
days  (72 hos)  -for 'completion '0f the- final 
memer of asgries. I sme2nstancesf the" reac- 
tion may tke:plàce-i considezably- Iess time, 
i..e. 24 .hours o-less, ag far às-a àtial oxy- 
propylation is concerned..  The - minimum Grue 
recordS: was about a 3-hour peri0d-ïn : single 
step. -Reactions dndieaed, as bei. Complotein 
10 hors-may .hae.been ¢0mplete  a lesser 
period, of- timè _in llht .0f the, aut0mkti equip- 
ment employed. ;This..applies  also here  the 
reactions were Complote i a shorter period 0f 

time,for/nstance/4 to 5'hours ::In he-.addiion 
bfpropylene"oxide;"in  the. -utoclave equipment 
as"far'as possible the-vlves- were set. soe all.the 
propylene oxide if fed continuously"would be 
5 added af a rate `.. so  t-bat  the-.--predetermined 
amount would react within"the-first 15,'hours of 
the-24hour -peri0d- or-twohirds of 'ny shorter 
period,  :This' ment ".that ïf.-the reaction-wa in- 
terrUpted" utomaticálly for aperibd--of rime for 
10 pressure to'-drop'or temperatUre t0 drop. thepre- 
determined amount'of-oxidewould: Still.. be álded 
in most instances .wëll:Wit.hln-t-hepredetermirmd 
time -period. - Sometimes where' theaddition'was 
a comparai-vely smatlamoun-in Ï0-hour priod 
15 there-would--be an-Unquestionablespeeding.upof 
the --reacion, '-by  simply--repeating- the.examples 
and ,using:. 3/4,.,or-5 .hours' instead-.'of  10  hours. 
-. Vrhen  operáting '.at- ' compratively -high.-tem- 
perature for instance»  between- ï50 ° -to » 200 °.. C., 
20 an unreacted allylene-.oxide  Sich- as.propylene 
oxidi,-makes-its-presencefelt  -il,the' increàsè'.in 
pressure-or the -consistencyof - a',higher-.pressure. 
ttowever, af a low enoughtemperature  it' may 
happel, tha--the propyteneoxide'/goes in as a 
5 liquidE. -IfSoçandif  it-remains-unreacted:there 
is;.of, course;-an.inh'erent danger-and_uppropriate 
steps :must- :be -taken- -to . safeguard - against = this 
possibilty;, if ,needbe  a' sample«must-be with- 
dravn».an& examined:" for. unreacted/propylene 
0 oxide. " One:obvious rocedure, "of- course, is."to 
oxypropylate at.a m0destlY 'higher temperaure, 
for instance, at. 140»t0--1:50 °'C. " Unreact-ed :oxide 
ffeets .determinaion  ofhe-acetyl,-orhydroxyl 
value -of- he. hydroxyltédcompoundobtained. 
5 The higher the molecular- weighç of he' com- 
pound, i. e., towards thé,latter stages of reaction, 
the longer the rime _required to add a giver 
amount "of oxide. " One-lossible--explanatiOn is 
that" the motecute;  bein larger; he oppo'rtunity 
40 for. random-reaction isdecreased. Inversely,:the 
lower' the molecular" weight  the  fasteri'the reac- 
tion 'takes: »pl'ce. For this  regson,"sometimes af 
tea'st; increasin$ he'concentration'of the.catatyst 
does, hot apiórecibly speed up  the/reacti0n; par- 
45 icularly ï when-the product subjected fo oxy- 
tkyltion 'bas a comparatively  high_:molecular 
weight. :However; as. has bëen 'pointed out -pre- 
vi0usly; 'operating at- a qow-pressure and: a10w 
 temperature even in .large scale ..operätions=-as 
50 much as a"week" or/ten °dgys rime may,, lapse to 
obtain: some" of' the-higher 
rivatiVes Trommonohydric.or-dihydric materials. 
. In- a' number of operati0ns he: c0unterbalance 
sale"or dial scaie.holdingthepropylene oxide 
55 bomb'wasso.et%hat When the.predetermind 
amount oi propylenë 0xide- had -pïssed ïntothe 
reaction thesale"moement' through a rime 
peratin'device.was- set foz :ëither- one to _to 
hours so that'reactin c0ntined-.for 1 t6.3 hours 
C0 after the; final adtitibn "of":thê: last ..popylene 
oxideand theregfter thaoperation.waS shut.down. 
Thïs particulardeviCe is.particular-ly-_uitable.-or 
use. on larger exiuipment tham lab0ratory..size 
aut0clves, fo wit, on semi-pilot/plant-or-pilot 
C5 plant:.Size, äs Well: as. off..large scale.size.  .This 
final stirring, peri0d, is /intendeL, to avoid .the 
presence of unreacted öXide. 
- Iiïthis sort. of. operation, of course,., the,tem- 
perture.range:.wasçC0itr-ollëd, automatically by 
7o either useOf..cooting water,:steam, or electrical 
heat;/so as to/raise or lower the: temperature. 
The: pressuring 0f%he propylene, oxide into the 
reactiomvesselwas alsoantomatic.:insofar/ 
the food" stream 'wasset'.f0r. a  slow ...eontinuous 
7 run which was:shut'0ffin cage:thë pressure passêd 
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a predetermined point as previously set out. Ail 
the points of design, construction, etc., were con- 
ventional including the gases, check valves and 
entire equipment. As far as I ara aware at least 
two fifres, and possibly three, specialize in auto- 
clave equipment such as I bave employed in the 
laboratory, and are prepared to furnish equip- 
ment of this saine kind.  Similarly pilot plant 
equipment is available.. This point is simply 
ruade as a precaution in the direction of safety. 
Oxyalkylations, particularly involving ethylene 
oxide, glycide, propylene oxide, etc., should hot 
be conducted except in equipment specifically 
designed for the purpose. 
Exarrtïoe la 
The monohydric compound employed was glyc- 
erol alpha-gamma diisopropyl ether. The prod- 
uct was substantially anhydrous. In the inial 
oxypropylation this material was reacted with 
propylene oxide in the ratio of 20 modes oî pro- 
pylene oxide îor each mole oî the monohydric 
ether alcohol. The-autoclave employed was one 
having a capacitT of about 5 gallons, or approxi- 
mately 40 pounds oï reaction mass. The speed 
of the stirrer could be varied from 150 to 350 
R. P. NI. 3.52 pounds of glycerol alpha-gamma 
diisopropyl ether was chargedinto the autoclave 
along with 7 ounces of sodium hydroxide. The 
reaction pot was flushed out with nitrogen. The 
autoclave was sealed and the automatic devices 
set for injecting 23.2 pounds of propylene oxide 
in 3 hours, with an allowance of another hour for 
stirring fo insure completeness of reaction. The 
pressure regulator was set for a maximum of 35 
pounds per square inch This meant that the 
bulk of the reaction could take place, and proba- 
bly did take place, ata comparatively lower pres- 
sure. This comparatively low pressure was the 
result of the tact that 'considerable catalyst was 
present. The propylene oxide was added at the 
rate of about 8 pounds per hour. NIore impor- 
tant, the selected temperature range was 205 ° to 
215 ° F. (about the boiling point of water). The 
initial introduction of propylene oxide was not 
started until the heating devices had raised the 
temperature to about the boiling point of water. 
At the completion of the reaction the molecular 
weight, based on hydroxyl determination, was 
820 ompared with a theoretical molecular weight 
of 1336. 
The final product was fairly water-soluble and 
fairly dispersible in xylene but not soluble in 
kerosene, or af least the bulk of the compound 
was not soluble in kerosene. 
This batch of approximately 2 pounds was 
divided into five equal portions and subsequently 
subjected to further oxypropylation as described 
in Examples 2« to 6«, inclusive. 
Example 2a 
In this instance the saine procedure was em- 
ployed as in Example la, preceding, except that 
the initial reactant was 5.3 pounds of the oxy- 
propylated derivative decribed as Example la, 
preceding. To this mixture there was added 3 92 
ouces of caustic soda. The rime period was 
about 1¼ hours with an added 45 minutes for 
stirring. The amount of oxide added was 5.3 
pounds. The molecular weight, based on hy- 
droxyl value, was 1075 compared with a theoreti- 
cal molecular weight of 2496. 
The conditions of temperature and pressure 
were substantially the saine as in Example la, 
preceding. The pr0duCt wa,s w.ater-Ln.o]uble, 
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xylene-soluble and kerosene-soluble. This state- 
ment applies also to the next four examples and 
will not be repeated. 
In:cidentally, the appearance of all these prod- 
5. ucts varied from rather viscous, ,colorless or 
straw-colored compounds fo others having an 
amber tint. Those of the highest molecular 
weightwould hardly fiow at ordinary .tempera- 
ture or at least were rather viscous. Fm"conven- 
10 ience, I bave stored samples in wide-mouth cans. 
This applies to all the various samples herein 
described and this statement will not be repeated. 
Also, what is said in regard to ,color and vis- 
cosity appliesto samples after treatment with 
15 glycide as described in Part 2. 
Example 3 
The saine procedure was .followed as in Ex 
ample 2a, preceding, i. e., the initial charge was 
20 5.3 pounds of the product identified as Example 
la, preceding. The amount of Propylene oxide 
added was 9.3 pounds. The amount of catalyst 
added was 5 ounces. The rime period for the 
addition of propylene oxide was 1/ hours with 
25 another hour for stirring to insure completeness 
of reaction. The final produ'ct showed a molecu- 
lar weight, based on hydroxYl value, of 1485 com- 
pared with theoretical molecular weight of 3656. 
The conditions of temperature and pressure 
30 were all the same as in the previous examples 
and, as a marrer of tact, applied to all the sub- 
sequent examples in this series, i. e., Examples 
4a through 6a, so this information wfll hot be 
repeated. 
35 Example 4a 
The initial reactant was the saine as in the two 
preceding examples, Examples 2a and 3a, i. e., 5.3 
pounds of the product identified as Example la, 
preceding. The amount of propyiene oxide added 
40 was 13.9 pounds. The amount of alkaline cata- 
lyst employed was 6 oun,ces. The rime required 
to add the propylene oxide was 2 hours with an 
allowance of an hour more for stirring to insure 
completeness of reaction. 
45 The molecular weight, based on hydroxyl hum- 
ber determination was 1870 compared with theo- 
retical molecular weight of 4816'. 
Example Sa 
50 The saine procedure was followed as in 
amples 2a, 3a, and 4a, pçeceding. The initial re- 
actant was 5.3 pounds of the material previously 
identified as Example la, preceding. The amount 
of propylene oxide added was 18.6 pounds. The 
55 amount of catalyst added was 7.5 ounces of caus- 
tic soda. The rime peliOd for the introduction 
of the oxide was 3 hours and the reaction mass 
was stirred for an hour longer to insure com- 
pleteness of reaction. 
60 The final product showed a molecular weight 
based on hydroxyl number of 2230 compared with 
a theoretical molecular weight of 5976. 
Example 6a 
65 The saine procedure was followed as in 
ample Sa, precedlng. The initial reactant as be- 
lote 5.3 pounds of the product identified as Ex- 
ample la, preceding. The amount of Pmpylene 
oxide added was 23.2 pounds. The amount of 
70 catalyst added was 10 ounces. Propylene oxide 
was added in a 4-bout period with 1 92 hours ad- 
ditional for stirring to insure completeness of re- 
action. The molecular weight of the product 
based on hydroxyl value was 2410 as compared 
75 with the theoretical molecular welht of 7136. 



The saine prQcedure was. employed in. connec- 
tion-with .g!ycerol alpha-gamma diphenyl ether. 
The characteristics of the product, were much the 
saine ,exceptthat the tendency fQr water-solu- 
bility to decrease,and for xylene-solubility and 
kerosene-solubflity to increase in the earlier stages 
of-oxyprepylation were more prenounced. How- 
ever,-, for :practiçal effect-the corresponding ex- 
amples.showed--substantially-the same solubflity. 
Particula,r-referenee iS ruade te Examples 7a 
through !2a in the f0!lowing table, designated as 
Tab!e-t. Tableïl includes data in regard te 
amples,4a.thr0ugh 6a».asabove described, and 
also diphenyl Examples:Ta-through -12a. 
In the following _table all-,examples were con- 
ducted in the saine molal ratio as the first series, 
the only difference being as follows: Initially in 
Exmp!e-Ta»4.9 pounds of .glycerol alphagamma 
diphenyt, ether wa,.empl.oyed-instead of 3.52 
pourds of.- g!y.c_rol a_lpha-gamma . dfisopropyl 
eth,er. Thein}tial çeaction mass was broken info 
rive pEts  oï, appço_ximately 5.6 pounds each 
stead,;of 5.3 p0unds each.- The amount of oxil 
add.ed,  ,the:.ti..me facto,-temPerature factor, pres- 
sure ïactor,- etc., were - substantilly the - same 
withiabflity 4o repeat the second series as. in 
Examp!es la through:6a,. 

TABLE 1 

Examplç No. 

2g: ............. 
4 
a: ............. 
7a .....  ........ 
9a. ............ 
10a. ........... 
lla ...... ,- 
12a ............. 

Imtml" " Monohydrlc" Theo-+ ", 
Glycerol alpha-gamma di- 1,336 
isopropyl ether. I 
.... do:e ...................... 1 2, 496 
..... de ....................... 3,656 
.... ]de ....................... 4, 816 
..... d6.__:/ ....... L_: ........ 5, 976 
__ _-. _do ....................... 7,136 
Glycerol alpha-gamma di-' 1,404 
" phenyl ether. 
...... do ........................ 2, 564 
..... do ....................... 3, 724 
..... do..: ..................... 4, 884 
..... do ....................... 6, 044 
..... do_- .................... 7, 204 

1Vfolecular 
Weight 
Based on 
tydroxyl 
Value 

820 
1» 075 
1, 485 
1,870 
2, 230 
2, 410 
915 
I, I00 
1,460 
1, 760 
2,150 
2, 215 

Altho_ugh-.caustic: soda. was used in the above 
oxypropylation need!ess fo say any other suitable 
catalyst, such as sodium methylate, caustic 
potash, or the like,-coutd-haye been employed 
equally, satisîactorily. 
Spakirg of.ino_lubilty in .,water .or solubility 
ir kero_sen_e schselubflity test can be_ ma.ce 
simp!y by shaking.small amoun_ts of the materials 
in  tesç tu_be with vater, for _instance, using. 1%. 
fo 5% approximately based_on the amount, of 
water peent. 
Nee_dess te ay,. there, is .no complete conversion 
of pçop.yl.e_ne, oxid_e into the desiçed hydr_oxy!ated 
compounds. This is indicated .by .the..fa_c£. that. 
the f2]eoretical molecular weigLt based on. a sta- 
tissical avÇçge .is ,,greater, than..the,..moleculax. 
weighç calculated by.usual methods, on..basis, of 
acetyl or hydroxyl value. Actually, there is no 
completely satisfactory method for determining 
molec, ular, weights of-these, types of compounds 
with_a high-,degee-eLaccurapywhen the molec- 
ular weights' exceed, t000- or 20.00 In-seine ,,in- 
stances-the acetyLvalue or hydroxyl value serres 
as satisfactori!y as an-index. te the molecular 
weight--as any other- proceduxe, .subjec_t.-to the 
above.-l_lmitatins,, and especially in the highÇr. 
mole, cular weiglt- range;.' If any difficulty is en- 
cotmt.ere in the/manufactue of the esters as 
desc;ib.e,d .in'Pat 3 the stoichiometrical amonnt 
of a¢id:oacid_ compound sheuld.be taken which 
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corl, esp _nds  :t o, th,e!: in_dica_ed:.:a c e tyl or- hy, droyl- 
vale.,, This :m,-tel):h«.-been-- disc.ussed- in :the- 
lit.eraure:.an.d-.isLa m.er::of, comm0n- know,ledge 
al_d:,oE:e, qui:r_es:no::fur,theF elboratior, In-face, it 
5 fll,_us_trate_dy«:Some of,,the examples Çppearingdn. 
he P_aent" pev£ously-:mentiered... 
.:  ..PAleT.2 
As. p_reviou_ .SlY .taed,. ,the oxYPropylated mono-- 
hyd_ri_c:cgmpaunds of-compara_tively :high-molec- 
ula_r.- w._eig].t (usua!ly ; in -excess of 1,000. bas.ed 
on. hydrq;yl ".valpe). are -con,verted .inlo -diol s by 
reaction with glycide mole for mole. Nee0:less 
to say, other reactions can-'be employed wl]ich 
do hot involve gly_cide, ..for.. example, one can 
pro_dlce .ethers .._of .te.__kind herein employed by 
use..of, a glycer_q!m0_nQ_hlqrohYdçin, i. e., either 
alpha .or ,be_ta g!yce_r.! monoch!orohydrin. At- 
tent.i0n is. diçect_ed ag.ilz to the, façt that in the 
prev_ious formula .an d .in the .formulas in the 
claire5 i_t would be imm.atezial whether the free 
hydroxy! .radicals/ prior to esterification are 
pres_ent as atta.che, d tq the first .and third ter- 
minal cabon atoms, or second and third carbon 
25 atrrïs., This is. simply an isomeric difference 
depending _on how the epoxy ring is rup.tured 
in the -case-of glycide .or. whether 0ne employ- 
glycerol alpha monochlorohydrin. 
Other suitable .procedur e involves the use of 
30 epichlorohydrin in a convenional manner. For- 
instance, the oxy.propFlated compound can:be 
treated, with...epichlorohydrin and-the resultant 
prod_uct treated with-ca_stic soda so as fo re- 
for_m the- epoxy-ring.. The.-epoxide so obtained 
35 can.-then be- treated with water-so as to yield 
a co.mpeund-hvingtwo hydrox-yl radicals at- 
tached-to two_ of the three-terminally .adjacent 
earbon atoms: 
Attention-is diected to .the_ fact that the use 
40 of glycide - re¢lu-ires, extreme - caution. This is 
particularly true on any scale other than small 
laboratory or semi-pilot.plant operations. Purely 
from t2]e standpoint-of-safety-in the handling of 
g!ycide, attention is-directed to the following: 
45 (a) If prepared from glycerol monoch!orohydrin, 
this product should be comparatively pure; (b) 
the glycide itself.should be as pu.re as possible as 
the effect of impurities..is-difficult fo evaluate; 
(c) the glycide--should-be introduced carefully 
[i0and precaution shoutd be taken that if reacts 
as promptly as introduced, i. e., that no excess 
of glycide is.allowed to accumulate; (d) all neces- 
sary .precaution. should be taken that glycide 
cannot polymerize per se; (e) due to the high 
5[i boiling point of glycide..one can readily employ 
a typical, separatable glass resin pot as described 
in U: S. Patent NOE 2;499,370, dated Match 7, 
1950/to De .Groote «and Keiser., and .offered for 
sale by numeroustaboratory supply houses. If 
60 such arrangement is,.used fo prepare laboratory- 
scale duplications, thon care should be taken that 
t2]e heating..matle can. be. removed .rapidly 
as fo allow:for: cooling;, or:.better stfll, through 
an. added :opening. :at, «te. top the. glass  resin 
65 pot. or comparable; essel should be equipped with 
a stainless steel cooling coil so .that the pot can 
be cooled more rapidly than more removal of 
the_mantle'- If: a. stainless steelcofl is introduced 
it means .that. the,conventional, stirrer of -the 
70 paddle type is: changed into -the centrifugal type 
which causes the fluid or reactants, fo mix due 
to swirling action in .the conter of the pot.  Still 
botter, is .the use. of a-laboratory autoclave o 
the kind previously described in .Part 1; but in 
7 any event, when he initial amount of glycide 
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is added to a suitable reactant, such as Examples 
2a through 6a, preceding, the speed of reaction 
should be controlled by the usual factors, such 
as () the addition of glycidi; (b) the elimina- 
tion of external heat; and (c) the use of a cool- 
ing coil so there is no undue rise in temperature. 
Ail the foregoing is merely conventional but is 
included due fo the hazard in handling gycide. 

Exam.le lb 
The equipment used was the glass resin pot 
of the kind described above. Into this pot were 
charged 165 grams of the product idintified as 
Example la, preceding, io if there was added 
1% sodium methylate. There was additional 
alkaline catalyst present due to the caustic used 
in the preceding oxyproplation. The tempera- 
ture of the reaction mass was. raised to about 
120 ° C. 15 grains of glcide was added in a 
period of a little over an bout. ¥henever the 
temperature tended fo fise past 130 ° C. the re- 
action mass was cooled. If the temperature 
showed a tendency to drop below 112 ° to 115 ° C. 
the reaction mass was heated. When all the 
glycide had been added the reaction mass was 
stirred for approximately an hour longer af 130 ° 
C. and then heated fo a temperature below the 
decomposition point of glycide, for instance, 140 ° 
C., and held af this temperature for another hour. 
In this particular reaction there is less hazard 
than is usually the case insofar that the amount 
of glycide added was comparatively small. Even 
so, such oxyalkylation should be conducted with 
extreme care. 
These data and similar data are summarized 
in the following table. 

by dimerization of unsaturated fatty acids, 
saturated monocarboxy fatty acids, or unsat- 
urated monocarboxy acids having 13 carbon 
atoms. Reference fo the acid in the hereto ap- 
5 pended claims obviously includes the anhydrides 
or any other obvious equivalents. Mypreference, 
however, is to use polycarboxy acids having hot 
over 3 carbon atoms. 
The production of esters including acid esters 
10 (fractional esters) from polycarboxy acids and 
glycols or other hydroxylated compoundg is well 
known. Needless to say, various compounds may 
be used such as the low molal ester, the anhy- 
dride, the acyl chloride, etc. However , for pur- 
15 pose of economy it is customary to use either the 
acid or the anhydride. A conventional procedure 
is employed. On alaboratory scale one can em- 
ploy a resin pot of the kind described in U. 
Patent No. 2,499,370, dated Match 7, 1950, fo 
20 De Grotte and Keiser, and particularly with one 
more opening to permit the use of a porous 
spreader if hydrochloric acid gas is fo be used as 
a catalyst. Such device or absorption spreader 
consists of minute alundum thimbles which are 
25 connected fo a glass tube. One can add a sul- 
fonic acid such as para-toluene sulfonic acid as 
a catalyst. " There is some objection fo this be- 
cause in some instgnces there is some evidence 
that this acid catalyst tend fo decompose " or 
rearrange oxypropylated compounds,, and partic- 
ularly likely t0 do so if the esterification tem- 
perature is too hih. In the case of polycarb0xy 
acid such as diglycollic acid, which is strongly 
acidic there is no need fo add any catalyst. The 
use of hydrochloric gas bas one advantage over 
para-toluene sulfonic acid and that is that at 
the end of the reaction it can be removed by 
flushing out with rfitrogen., whereas there is no 
reasçnably convenient means available of remov- 
ing the paratoluene ulfoiic acid or other sul- 
fonic acid employed. If hydrochloric acid is em- 
ployed 0ne need only pass the gas through at an 
exceedingly slow rate .so as to keep the reaction 
mass cidic. Only. a trace of acid need be pres- 
45 ent.. I have employed hydrochloric acid gas or 
the äqueous acid itself fo eliminate the initial 
basic-material. My preference, however, is to 
use no catalyst whatsoever and fo insure com- 
plete dryness of the diol as described in the final 
procedure just preceding Table 3. 
The products obtained in Part 2 preceding may 
contain a basic catalyst.. As a general procedure 
I bave added an amount of half-Concentrated 
hydrochloric acid considerably in excess of what 
55 is required fo neutralize the residual catalyst. 
The mixture is shaken thoroughly and allowed 
fo stand overnight. If is then flltered and 
fluxed with the xylene present .until the water 
can be separated in a phase-separating.trap. As 
soon as the proCluct is Substantially free from 
water the distillation stops. Th_is preliminary 
step can be carried out in the fiask fo be used 
for esteriflcation. If there is any further deposi- 
tion of sodium chloride during the reflux stage 
needless fo say a second filtration may be 
quired. In any event the neutral or slightly 
acidic solution of the oxypropylated derivatives 
- described in Part 2 is then diluted further with 
sufficient xylene, decalin, petroleum solvent, or 
the like, so that one has obtained approximately 
a 65 % solution. To this solution there is added 
a polycarboxylated reactant as previously de- 
scribed, such as phthalic anhydride, succinic acid 
" or anhydride, diglycollic acid, etc. The mixture 
75 ts refluxed until esteriflcation is complete as in- 
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TABLE 2 

Ex. 
if 
Dio] 

2b ..... 
3b 
4b ..... 
5b 
6b ..... 
7b 
llb .... 
9b ..... 
12b .... 

Ex. kN, 
llono 
hydrO, 
ompot 
1 
2 
4 
6 
7 
8 
9 
10 
11 
12 

Mol. 
of Mono- 
hydric 
Compoun, 
Based on 
HydroxF1 
Value 
82 
1, 075 
1, 485 
1,870 
2, 230 
2, 410 
915 
1, 100 
1,460 
1, 760 
2, 150 
2, 215 

Amt. of 
llono- 
hydric 
ompoun 
Used 
(grs .) 
20 
211 
31 
2( 
22 
22 
24 
29( 
0 
31{ 

Gly- 
cide 
Amt. 
(grs .) 
18.5 
15. 
12. 5 
12. 5 
10.  
9.0 
18.  
15.0 
12. 5 
12. 5 
10 
9. 

4O 
Mol, Wt. of 
Diol. Ob- 
tained Cal- 
culated from 
Column 3 

894 
1,149 
1 559 
1,944 
2, 304 
2, 484 
989 50 
1, 174 
1,534 
1,834 
2, 224 
2, 289 

PART 3 
AS previously pointed out the present inven- 
tion is concerned with acidic isters obtained 
from the diols described in Part 2, preceding, said 
diols being in turn obtained from oxypropylated 
monohydric derivatives obtained as described in 
Part 1, priciding. Said esters, and more-partic- 
ularly acidic esters, are obtained from various 
polycarboxy acids, particularly dicarboxy acids 
such as adipic acid, phthalic acid, or anhydride, 
succinic acid, diglycollic acid, sebacic acid, aze- 
laic acid, aconitic acid, maleic acid or anhydride, 
citraconic acid or anhydride, maleic acid or an- 
hydride adducts as obtained by the Diels-Alder 
reaction from reactants such as maleic anhy- 
dride and cyclopentadiene. Such acids should 
be heat stable so they are hot decomposed during 
esteriflcation. They may contain as many as 36 
carbon atoms as, for example, the acids obtainid 

6O 
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dicated .by, elimintion, of water or drop in 
boxyl value.. Needless.to say» if one.produces a 
halfester..from an hydride such as,phhalic an- 
hydride, no water is,eliminat.ed. However, if.if 
is obtalned from diglycollic acid,, for .example, 5 
water, is eliminated. All such procedures are con- 
ventiona]..and bave been so4horo.ughly described 
in the literature that further., c0nsideration .will 
be limited ,to a-few ,examples ,and..a .comprehen- 
sive table.. 10 
Other procedures .for. eliminting the.basic_re- 
sidual .catalyst, if any, can be,employed.. For ex- 
ample, the oxyalkylati0n, can be .conducted in ab- 
sence of a .solvent or. the.solvent removed after 
oxypr0pylaion.. Such. oxypropylaion end prod-. 15 
uct tan then be acidified wïth just..enough con- 
centrated hydrochloric acid fo just neutralize_the 
residual basicç catalyst.. To this product, one.can 
then add a smalt amount of. anhydrous sodium 
sulfate. (suflïcient in quantity, fo take up any wa- 20 
ter that is present) and: then. subject the mass fo 
centrifugal force so as fo eliminate .the-hydrated 
sodium sulfate and. probably the sodium, chloride 
formed. - The.clear somewhat .viscous straw-col.- 
ored amber, liquid.- so obtalned, may. contain, a 25 
small amóunt of sodium sulfate or.sodium chlo- 
ride but, in any. event, is perfectly acceptable for 
esteriflcation in the-mnner described. 
If is to be pointed out .that:the poducts here 
described, are-hot polyesters-in.the sense that 30. 
there is a. plurality of-both diol rad.icals and. acid 
radicals; the product _is charcterized by having 
only one diol.radical.. 
In some instances, and, .in fact, in many in- 
stances I havefound hat in spire of the.dehydra.35 
tion, methods emp!oyed, above that a mere race 
of water still .cornes through and..that this mere 
trace of water, certainly inter.feres ,with the.acetyl 
or hydroxyl.value determinatión, at.least-when a 
number- of conventionalgrocedures are used and t( 
may retard esteriflcation, particularly where thee " 
is .no sulfonic- acid or hydrochloric, acid-present 
as a catalyst.- Therefore»ïI bave preferred to use 
the following procedure:.. I bave employed about 
200 grains of the diol as. described in Part 2, pre- 45 
ceding; I bave added about .60 grains of benzene 
and then refluxed this mixture in the:glass resin 
pot using a phase-separating trap until - the ben- 
zene carried out all the water:esent as water of 
solution or the equivalent. Ordinarily this re- 50 
fluxing temperature is apt fo. be in thé- neighbor- 
hood of 130 ° to possibly 150 ° C. When all this 
water or moisture has.been removed I also with- 
draw approximately 20-grains .or a little less.ben- 
zene and then add the required amount of the 5 
carboxy reactant and also about 150 grains of a 
high boiling aromatic petroleum solvent. These 
soivents are Sold .by various off refineries and, as 
far as solvent effect-act as if they were almost 
completely aromatic in character. Typical dis- 
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tillati0n data_in the patc_ular, type I have .emr. 
ployed and, found, very satisfct0ry is the follow- 

ing: 
I. lq. p.,.l2 ? C. 50 ml., 242 ° C. 
5 ml., 200 °` C. 55 ml., 244 ° C. 
10 ml., 209 ° C 60 ml., 248°-C. 
15 mL, 215 ° C; 65 ml., 252 ° C. 
20 ml., 216 ° C. 7Oml., 252 ° C. 
25 ml., 220 ° C. 75 ml,, 260 ° C. 
30 ml., 225 ° C. 80 ml., 264 ° C. 
35 ml. 230 °, C. 85 ml., 270 ° C. 
40ml., 234°C .. 90 ml., 280 C. 
45 ml.» 237 ° C. 95 mi...307 ° C. - 

After this material is added, refluxing is con: 
tinued and, of course, is at a high temperature, 
to wit, about 160 ° fo 170 ° C. If the carboxy 
actant is an anhydride needless to say no water 
of reaction appears; if the carboxy .reactant is 
an.acid water of reaction shouid appear and 
sh0uld be elimin.ated .af the above reaction tem: 
peratur¢.. If if s_not eliminat_ed I simply sep- 
arate out .another 10 or 20 cc. of benzene by 
means of the pha.se-separating trap and thus 
raise the temperatue, fo 180 ° or 190 ° c., or even 
fo 200 ° c.,.if need be My preference is hOt fo.go 
above 200? C. 
The use of. su¢ olyent is extremely satisfac- 
tory providedone de_eS.hOt .attempt fo remove the 
solvent subselue!y, except by vacuum distilla- 
tion and Pr0vide_d. there .is no objection .fo  little 
residue. Actua!ly, when the_se materials are used 
for a purpose.such as demulsiflcation the.solvent 
might just as well be allowed fo remain.. If.the 
solvent is to be removed by distillation, and par- 
ticularly vacuum distillation,, then the high boil- 
ing aromatic petroleum solvent might well be re- 
placed by some more expensive solvent, such as 
decalin or an. alkylated decalin which bas a rath- 
er deflnite or close range boiling.point. The re- 
moval of the.solvent, of course, is purely a con- 
ventional procedureand requires no .elaboration. 
In theappended table Solvent #7-3, which 
pears in ali instances, is a mixture of 7 volumes 
of_ the .aomatic_petroleum solvent previously de.- 
scribed and 3 volumes of benzene. This was 
used, or a .similar mixture, in the manner pre- 
viously described. In a large number of similar 
examples decalin bas been used but it is my pref- 
erence fo use. the above mentioned mixture and 
particularly with the preliminary step of remov- 
ing ail the water. If one does hOt intend to re- 
move the solvent my preference is to use the 
troleum solvent-benzene mixture although ob- 
viously any of the other mixtures, sucti as decalin 
and xylene, can be employed. 
The data included in the subsequent tables, 
i. e., Tables 3 and 4, are self-explanatory, and 
very complete and if is believed no further elab- 
oration is .necessary: 
TBLE 3 

E. 1o. Ex. No. of I 
of Aid Hydroxy I 
Ester .ompoun(i ] 
6e .......... lb 
Te ..... _ .... 2b ......... 
9e .......... 2b ......... 
10e ......... 2b ......... 
11 ...... .__ 2b ......... 
12o2 ........ b ......... 

I 
Mol. Wt. [ Amount 
of Hydroxy [ ,Hydroxy, 
Cmpd. by. I Compound 
0H I Used ' 
Detrm " (grs) 
8941 224 
894 ] 224 
894 , 224 
894' I 224 
894 ] 224 
894 I 24 
I, 149 I 2301 
1,149 [ 230 1 
I, 149 I 230 
I, Ï49 I 230 
I, 149 230  
I, 149 230 

Amt. 
Polycarboxy Reactan-t. Used.. 
(grs.) 

Phtha]ic Anahydride 74 
Mleic Anhydride ...... 49 
Citraconic Anyhdride 56 
Succinie Anhydride: .... 50 
Diglyco]]ic Acid ....... 67 
Aconitic Acid ........... 87 
Phthalic Anhydrid -- ' 59 
MMeic Anhydride ...... 9 
Citraconic Anhydride __ 45 
Succinic Anhydrid ..... 40 
Dig]yco]]ic Acid ...... 54 
Aconitiè Acid _: ......... 70 
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OeABLE 31Contlnued 

Ex. Io. | Ex. IXo. of 
of Aeid i Hydroxy 
Ester 2ompound 
13c ...... 3b ......... 
14c ......... 3b 
15c ......... 3b ......... 
16c ......... 3b ......... 
17c ......... 3b 
18c ......... 3b ......... 
19c ........ 4b 
20c ......... 4b 
21c ......... 4b 
22c ......... 4b ......... 
23c ......... 4b ......... 
24c ......... 4b ......... 
25c ......... 5b ......... 
26c ......... 5b ......... 
27c ......... 5b 
28c ......... 5b 
29c ......... 5b ......... 
30c ......... 5b ......... 
31 
c ......... 6b ......... 
32c ......... 6b ......... 
33c ......... 6b ......... 
34c ......... 6b ......... 
35c ......... 6b ......... 
36c ......... 6b ......... 
37c ......... 9b ......... 
38c ......... 9b ......... 
39c ......... 9b ......... 
40c ......... 9b ......... 
41c ......... 9b 
42c ......... 9b ......... 
43c ......... 10b ........ 
44c ......... 10b ........ 
45c ......... 10b 
46c ......... 10b 
47c ......... 10b ........ 
48c ......... 10b 
49c ......... llb 
50c ......... llb ........ 
51c ......... llb 
52c ......... llb 
53c ........ : llb ........ 
54c ......... llb ........ 
55c ......... 12b ........ 
56c ......... 12b ........ 
57c ......... 12b ........ 
58c ......... 12b ........ 
5oc ......... 12b ........ 
60c ......... 12b 

Vol. Wt. 
of Hydroxy 
Cmpd. by 
OH 
Determ. 

1, 559 
1, 559 
1, 559 
1,559 
1, 559 
1,559 
1,944 
1,944 
1, 944 
1,944 
1,944 
1,944 
2, 304 
2, 304 
2, 304 
2,304 
2, O 
2, 304 
2, 484 
2, 484 
2, 484 
2, 484 
2, 484 
2, 484 
1,534 
1,534 
1, 534 
1,534 
1,534 
1, 534 
1,834 
1,834 
1,834 
1,834 
1,834 
1,834 
2, 224 
2, 224 
2, 224 
2, 224 
2, 224 
2, 224 
- 2, 289 
2, 289 
2, 289 
2, 289 
2, 289 
2, 289 

Amount ] 
Hydroxy I 
Compoud I 
Used ] 
260 
260 
260 
260 
260 
278 
278 
278 
278 
278 
278 

Polycarboxy Roaotant 

Phthalic Alhydride ..... I 
Maloic Alydrido ...... I 
Citracanic Alhydride_ __ 
S uccinic n.hydride ..... 
Diglycallic Acid ......... 
Aconitic Acid ........... 
PhthMic Alhydrido ..... 
Maleic _&n.hydride ....... 
Ctraconlc -&nhydride_ _ _ 
SuccinCt _Am.hydrlde ..... 
Diglycollic Acid ......... 
Aconitic Actd ........... I 
Phthlic Anhydride ..... ] 
Ialeic Alhydride ...... 
Citraconic _Am.hydrido. _. 
SuccinIc Anhydride ..... 
Diglycollic Acid 
Aconitic Acid ........... 
310 Phthalic _Am.hydride ..... I " 
310 Maleic _Am.hydride ...... 
310 Citraconic Anhydride__.] 
310 Succinic Anhydrido ..... I 
310 Diglycollic Acid ......... 
310 Aconitic Acid ........... 
256 Phthalic An.hydrido ..... 
256 Maleii Anhydrido ...... 
256 Citraconic Auhydrido.__ 
256 Succinic Alhydrido ..... 
256 Diglycollic Acid ......... 
256 Aconitic Acid ........... 
306 Phthalic Anhydrido ..... 
306 !V[leic Anhydrido ...... 
306 Citraconic Alhydrido___ 
306 Succlnic Anhydrido ..... 
306 Diglycollic Acid ......... 
306 Aconitic Acid ........... 
318 Phthalic Alhydrido ..... 
318 M:aleic Anhydrido ...... 
3]8 Citracontc Anhydrido___[ 
318 Succinic AD.hydrIdo ..... 
318 Diglycollic Acid ......... 
318 Aconitic Acid ........... 
327 Phthalic Alhydrido ..... 
327 I 
327 ] Citraconic Anhydrido.__l 
327 J Succinic Anhydrldo ..... 
327 Diglycollic Acid ......... 
327 Aconitic Acid ........... 

Usod 
(grs.) 

33 
37 
35 
43 
58 
42 
28 
32 
29 
38 
50 
37 
25 
28 
25 
35 
41 
37 
25 
28 
25 
35 
41 
49 
33 
37 
33 
45 
58 
49 
33 
37 
33 
45 
58 
42 
28 
32 
29 
38 
50 
42 
32 
29 
38 
50 

TABLE 4 

ExamoleNo. 
of Ester 
le ............... #7- 
2c ............... #7- 
3c ............... #7-3 
4c ............... #7-3 
5c ............... #7--3 
6c ............... #7-3 
............... #7-3 
8c ............... #7-3 
9e ............... #7-3 
10e .............. #7-3 
11c .............. #7-3 
12c .............. #7-3 
13c .............. #7-3 
14c .............. #7-3 
15c .............. #7-3 
16c .............. #7-3 
17c .............. #7-3 
18c .............. #7-3 
19c .............. #7-3 
20c .............. #7-3 
2le .............. #7-3 
22c .............. #7-3 
23c .............. #7-3 
24c .............. #7-3 
25c .............. #7-3 
26c .............. #7-3 
27e ............... #7-3 
28e .............. #7-3 
29c .............. #7-3 
30c .............. #7-3 
3le .............. #7-3 
32c .............. #7-3: 
33c .............. #7-3 
34c .............. #7-3! 
35e .............. 7-3 l 
6c ............. 7-3 
27c .............. #7-3 
8c .............. I #7-3 
9c .............. I #7-3 
90C .............. 
I 
#7-3 
alc .............. I 
#7-3 
 a2C .............. 

t Amt. ] Esterifl- 
Sol- Sol- cation 
vent vent Temp. 
(grs.) °C. 
238 14 
256 155 
250 153 
265 153 
270 155 
230 I 
280 t 16(] 
240 145 
235 143 
275 16(] 
255 150 
238 
2(]0 
245 
270 
258 
275 
255 
240 
255 
230 
265 
248 
240 
255 
270 
235 
2(]0 
245 
275 
245 
260 
270 
230 
255 
245 
275 
230 
240 
245 
275 
260 

Time of 
Esterifi- 
cation 
(hrsJ 

1.. 
4 
2 
1 
145 2 
150 
148 
158 3 
10 4 
160 4 
150 
143 
150 2 
140 
153 
145 
130 2 
1481 3 
10 1 
150 5 
148 4 
158 1 
142 2 
150 
155 3 
60 4 
142 1 
158 
140 
143 2 
150 5 
158 4 
150 

rfAB LE 4---Contlnued 

Water 
Out 
(ce .) 
10 
Nono 
None 
Non 
None 
7.1 
. 15 
Nono 
Nono 
None 
Nono 
7.3 
6.8 
Nono 20 
Nono 
None 
Nono 
6.3 

Examole N o. Sol- 
of Ester vent 
5c .............. #7»3 
6c .............. #7-3 
7c .............. #7-3 
8c: ............. #7-3 
tgc .............. #7-3 
c .............. #7-3 
51c .............. #7-3 
52c .............. #7-3 
3c .............. #7-3 
4c .............. #7-3 
5c .............. #7-3 
i6c .............. #7-3 
57c .............. #7-3 
8c .............. #7-3 
igc .............. #7-3 
tOc .............. #7-3 

Amt. 
Sol- 
veut 

235 
250 
260 
280 
265 
25O 
230 
255 
260 
240 
275 
240 
260 
280 
255 
245 

Esterifi- 
cation 
Temp. 

140 
145 
150 
160 
150 
148 
140 
152 
158 
150 
155 
150 
150 
165 
152 
155 

Tlmo of 
Esterifi- Wato 
cation Out 
(hrs.) (ce.) 
2 NoI 
3 Nez 
2 6, 
4/ 7. 
2 Nez 
1 
3 No 
4ç 3. 
5 4. 
4 i Non 
No 
1/. NOE 
2 
5  
4' 5. 

5.7 
None The procedure ïor manufacturing the esters 
None 
Nono  bas been illustrated by preceding examples. 
Nono :[or any reason reaction does net take place in 
5.3 
6.2 a manner that is acceptable, attention should 
None be directed te the following details: (a) Recheck 
Nono the hydroxyl or aceyl value of the oxypropylated 
Nono 
4.o 80 glycerol, ether and use a stoichoimetrically 
4,4 equivalent amount of acid; (b) if the reactlon 
one does net proceed with reasonable speed either 
None 
None raise the temperature indicated or else extend 
None the period of time up te 12 or 16 hours if need 
4.7 
3. 35 be; (c) - if necessary, use Y% of paratoluene 
None sulfonic acid or some other acid as a catalyst; 
Non 
None (d) if the esteriflcation does net produce a clear 
None 
5. - product.a check should be made te see if an 
6. inorganic salt such as sodium chloride or 
None 
lçe 4{} dlum sulfate is net precipitating out. Such 
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salt should be eliminated, at least for explora- 
tion experimentation, and can be removed by 
filtering. Everything else being equal as the size 
of the mo!ecule increases the reactive hydroxyl 
radical represents a smaller fraction of the en- 
tire molecule and thus more difliculty is in- 
volved in obtaining complote esterification. 
Even under the most carefully controlled con- 
ditions of oxypropylation involving compara- 
tively low temperatures and long rime of reaction 
there are formed certain compounds whose com- 
positions are still obscure. Such side reaction 
products can contribute a substantial proportion 
of the final cogeneric reaction mixture. Various 
suggestions have been ruade as fo the nature of 
these compounds, such as being cyclic polymers 
of propylene oxide, dehydration products with 
the appearance of a vinyl radical, or isomers 
of propylene oxide or derivatives thereof, i. e., 
of an aldehyde, ketone, or allyl alcohol. In some 
instances an attempt to react the stoichiometric 
amount of a polycarboxy acid with the oxypropy- 
lated derivative results in an excess of the car- 
boxylated reactant for the reason that aPpar- 
ently under conditions of reaction less reactive 
hydroxyl radicals are present thon indicated by 
the hydroxyl value. Under such circumstances 
there is simply a residue of the carboxylic 
actant which can be removed by filtration or, if 
desired, the esterification procedure can be re- 
peated using an appropriately reduced ratio of 
carboxylic reactant. 
Even the determination of the hydroxyl value 
and conventional procedure leaves much fo be 
desired due either to the cogeneric materials pre- 
viously referred fo, or for that marrer, the pres- 
once of any inorganic salis or propylene oxide. 
Obviously this oxide should be eliminated. 
The solvent employed, if any, can be removed 
from the finished ester by distfilation and par- 
ticularly vacuum, distillation. The final products 
or liquids are generally pale amber fo amber in 
color, and show moderate viscosity. They can 
be bleached with bleaching clays, filtering chars, 
and the like. IIowever, for the purpose of de- 
mulsification or the like coloris nota factor and 
decolorization is not justilïed. 
In the above instances I bave permitted the 
solvents fo romain present in the final reaction 
mass. In other instances I bave followed the 
Saine procedure using decalin or a mixture of 
 decalin or benzene in the saine manner and ul- 
timately removed all the solvents by vacuum 
distillation. /kppearances of the final products 
are much the saine as the diols, belote esterifica- 
tion and in some instances were somewhat 
darker in color and had a reddish cast and per- 
haPs somewhat more viscous. 

2O 
has been described in a' booklet entitled "Trêa« 
ing Oil Field Emulsions," used in the Vocational 
Training Course, Petroleum Industry Sertes, of 
the American Petroleum Institute. 
B The difference, of course, does not reside inthe 
carboxy acid but  in the diol. Momentarily an 
effort will be ruade to emphasize certain things 
in regard to the structure of a polypropylene, gly- 
col, such as polypropylene glycol of a2000 mo- 
I0 lecular weight. Propylene glycol has a primary 
alcohol radical and a secondary alcohol radical. 
In this sense the building unit which forms poly- 
propylene glycols is hOt symmetrical. - Ob- 
viously, thon, polypropylene glycols can be ob- 
]OE tained, at least theoretically, .in which .two sec- 
ondary alcohol groups are unitedor a secor/dary 
alcohol group is united fo a primary alcohol 
 group, etherization being involved, Of course/in 
each instance. 
20 Usually no effort is ruade to differentïate be- 
tween oxypropylation taking place, for example, 
at the primary alcohol unit adical or the sec- 
ondary alcohol radical. Actually, when such 
products are obtained, such as a high molal p01y- 
25 propylene glycol or the products obtained in the 
manner herein described one d0es not obtain a 
single derivative such as HO(IO)H in which n 
has one and only one value, for instance, 14,' 15 
or 16, or the like. lather, one obtains a:co- 
30 generic mixture of closely related or touching 
homologues. These materials invariably have 
high molecular weights and cannot be separated 
from one another by äny known .procedure with- 
out decomposition. The properties of such mix- 
35 ture represent the contribution of the various ïn- 
dividual members of the mixture. On a statis- 
tical basis, of course,  can be appropriately 
specified, lVoç practical purposes one need only 
consider the oxypropylation of a monohydric al- 
.0 cohol because in essence this is substantially the 
mechanism involved.  Even in such instances 
where one is concerned with a monohydric 
actant one cannot draw a single formula and 
say that by following such procedure one can 
readily obtain 80% or 90% or 100% of such 
5 compound, ttowever, in the case of at least 
monohydric initial reactants .one can readily 
draw the formulas of a large number of com- 
pounds which appear in some of the probable 
mixtures or can be prepared as components and 
50 mixtures which are manufactured conventionally. 
Simply by way of illustration reference is ruade 
fo the copending application of De Groote, Wirtel 
and Pettingi!l, Serial No. 109,791, filed August 11, 
1949 (now Patent No. 2,549,434, dated April:.lT, 
55 1951). 
ttowever, momentarity referring again fo a 
monohydric initial reactant it is obvious that if 
one selects any such Simple hydroxylated com- 
pound and subjects such compound to oxyallyla- 
tion, such as oxyethylation, or oxypropylation, it 
becomes obvious that one is really producing a 
polymer of the alkylene oxides except for the ter- 
minal group. This is particularly true where the 
amount of oxide added is comparatively large, for 
instance, 10, 20, 30, 40, or 50 units, if such com- 
pound is subjected to oxyethylation so .as to in- 
troduce 30 units of ethylene oxide, it is well 
known that one does not obtain a single constitu- 
ent which, for the sake. of convenience, may be 
-indicated as !O(C2I-IO)oI-I..Instead, one ob- 
tains a cogeneric mixture of. closely relatedho- 

PAleT 4 
ô0 
Previous reference has been made  to the fact 
that diols such as polypropyleneg!ycol of, approx- 
imately 2,000 molecu!ar weight, for example, 
have been esterified with dicaïboiy-acids and 
employed as demulsifying agents.  On first ex-; G5 
amination the difference between:the herein 
:scribed products and such compräble products 
appears fo be rather..insignifiCant.. In fact, the 
difference is such that it fails to explain.the 
"faCt that compounds of the .kind herein de-. 70 
.scribed may be, and frequently are,-10%, 15% or  
ï20% botter on a quantitative basis than the sire- 

pler compound previously described/and demul- /mologues, in Which the formula may be shown, as 
sify faster and give cleaner oilïin.many..instances. " the following,"PO (CH«O)nH, Wherein. n,. as ' far 
.The method 'of; making such comp£ratiVe. tests 75..as the statistical averge goes,..is 30,"bUt the :in- 
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dividal members present in significant amount 
may vary from instances where  has a value of 
25, and perhaps less, to a point where  may 
represent 35 or more. Such mixture is, as stated, 
 cogeneric close!y related serres of touching ho- 
mologous compouns. Considerab!e investigation 
has been ruade in regard fo the distribution 
curves for linear po]ymeïs. Attention is directed 
to the article entitled "Fundamental principles 
of condensation polymerization," by F]ory, which 10 
appeared in Chemical teviews, volume 39, No. 1, 
page 137. 
Unfortunately, as has been pointed out by 
Flory and other investigators, there is no satis- 
factory method, based on either experimental or 
mathematica] examination, of indicating the ex- 
act proportion of the various members of touch- 
ing homologous serres which appear in cogeneric 
condensation products of the kind described. 
This means that from the practical standpoint, 
i. e., the abflity to describe how o make the prod- 
uct under consideration and how to repeat such 
production rime after tri-ne without diflculty, it 
is necessary to resort to some other method of de- 
scription, or else consider the value of 
mulas such ss those which have appeared pre- 
viously and which appear in the claires, as repre- 
senting both individual constituents in which 
has a single definite value, and a!so with the un- 
derstanding that  represents the average statis- 
tical value based on the assumption of complete- 
ness of reaction. 
This may be illustrated as foHows: Assume that 
in any particular example the molal ratio of the 
propy!ene oxidê to the glycerol diether is 15 to 1. 
Actually, one obtains products in which  prob- 
ably variês from l0 to 20, perhaps even further. 
The average va]ue, however, is 15, assuming, as 
previously stated, that the reaction is complete. 
The product described by the formula is best de= 
scribed also in terres of method of manufacture. 
However, in the instant situation it is obvious 
hat there is a distinct difference of structure be- 
tween the initial diol subjected to reaction with 
polycarboxy acids and an ordinary polypropylene- 45 
glycol such as po]ypropylêne g!ycol 2000. In the 
case of the last mentioned compound the two hy- 
droxyls are in the alpha-omega position fo each 
other, i. e., attached to opposite terminal carbon 
radicals and there is no terminal branched radi- 
cal such as 
CHO 
RO 
Stated another way, lookini upon ihe ordinary 
glycol molecule as having two branches extended 
from a center or central part oî the molecule in 
the present instance, i. e., the reactant herein 
ployed as initial raw material, one has four 
branches of the moiecule, i. e., the two hydroxyl 
radicals ai one terminal and the branched radi- 
cal as previously described at the other terminal. 
Furthermore, in the case of the .instant diol in- 
stead of the hydroxyl radicals being in an alpha- 
ornera position fo each other they are terminally 
attached fo two of the three terminally adjacent 
carbon atoms, being the terminal greup opposite 
\CHO 70 
All of this has been pointed out previously in 
he formulas which illustrate the herein specified. 
emulsifyin gents, 

PAleT 5 
Conventional demulsifying agents empïoyed in 
the treatment of off fie]d mnulsions are used as 
such, or after dilution with any suitable solvent, 
such as water, petroleum hydrocarbons, such as 
benzene, toluêne, xylene, far acid off, cresol, an- 
thracenê off, etc. Alcohols, particularïy aliphatic 
alcohoi, such as methy] aicohol, ethyl alcohol, de- 
natured a!coholl propyl alcohol, butyl a]cohol, 
hexyï a!cohol, octyl alcohol, etc., may be em- 
ployed as dfluents. M_isce!laneous solvents such 
as pine off, carbon tetrachloride, sulfur dioxide 
extract obtained in the refining of petroleum, etc., 
may be emp]oyed as dfluents. Simflarly, the ma- 
têrial or materials employêd as the demulsifying 
agent of my process may bê admixed with one or 
more of the soivents customarily used in connec- 
tion with  conventional demulsifying agents. 
loreover, said material or materials may be used 
a]one or in admixture with other suitable well- 
known classes of dêmulsifying agents. 
If is well known that conventional demulsiïy- 
ing agents may be used in a water-soluble form, 
or in an off-soluble form, or in a ïorm exhibiting 
both off- and water-solubility. Sometimes they 
may be used in a form vhich exhibits relativel 
limited oil-solubility. However, since such re- 
agents are frequently used in a ratio of î fo 
10,000 or 1 fo 20,000, or 1 fo 30,000, or even 1 
fo 40,000, or 1 to 50,000 as in desalting practice, 
such an apparent insolubflity in oil and water 
is not significant because said reagents undoubt- 
ediy have solubility within such concentrations. 
This saine fact is true in regard fo the material 
or materials employed as the demulsiïying agent 
of out process. 
in practicing my pïocess for resòlvinz petro 
]eum emulsions of the water-in-ofl type, a treat- 
ing agent or demulsifying agent of the kind above 
described is brought into contact with or caused 
o act upon the emulsion fo be treated, in any 
of the varieus apparatus now generally used to 
resolve or break petroleum emulsions with a 
chemical reagent, the above procedure being 
used. alone or in combination, with other de- 
mulsifying procedure, such as he electrical de 
hydration process. 
One type of procedure is to accumulate a vol- 
ume of emulsified off in a tank and conduct a 
batch treatment type of demulsification pro- 
cedure fo recover clean off. In this procedure 
the emulsion is admixed with the demulsifier, 
for example by agitating the tank of emulsion 
and slowly drippin demulsifier into the emul- 
sion. In some cases mixing is achieved by heat- 
ing the emu]sion while dripping in the demulsi 
fier, depending upon the convection currents in 
the emulsion to produce satisfactory admixture. 
In a third modification of this type of treat- 
ment, a circulating pump withdraws emulsion 
from, e. g., the bottom of the tank, and rein- 
troduces it into the top of the tank, the de- 
mulsifier being added, for example, af the suc- 
tion side of said circulating pump. 
In a second type of treating procedure, the 
demulsifier is introduced into the well fiuids at 
the well-head or af some point between the well- 
head and the final off storage tank, by means of 
an adjustable proportioning mechanism or pro- 
portioning pump. Ordinarily the fiow of fiuids 
through the subsequent lines and fittings 
suflïces fo produce the desired degree of mixing 
of demulsifier and emulsion, although in some 
instances additional mixing devices may be in- 
trodUced into the flow systm, n hi ' 



Drocedure, the system may include various 
mechanical devices for withdrawing free water, 
separating entrained water, or accomplishing 
quiescent settling, of the chemica]ized emulsion. 
Heating devices may likewise be incorporated in 
any. of the treating procedures described herein. 
A third type of application (down-the-hole) 
of demulsifier to emulsion is to introduce the 
demulsifier either periodically or continuously in 
diluted or undiluted form into the well and to 
allow it to corne te the surface with the well 
fluids, and thon to flow the. chemicalized emul 
sion through any desirable surface equipment, 
such as employed in the other treating pro- 
cedures. This particular type of application is 
decidedly useful when the demulsifier is used 
in connection with acidification of calcareous 
oil-bearifig strata, especially if suspended in or 
dissolved in the acid employed for acidification. 
In all cases, if will be apparent from the fore- 
going description, the broad process consists 
simply in introducing a relatively_ small propor- 
tion. of demulsifier into a relatively large pro- 
portion of. emu]sion,, adrnixing the chemical and 
emulsion either, throughnatural flow.or through 
special apparatus, with or without, the applica- 
tion of heat, and allowing the mixture to stand 
quiescent until the undesirable water content oï. 
the emulsion separates and settles from the mess, 
The following, is a typical installation. 
A. reservoir, te hold. the demulsifier, oï the kind 
descr!bed (diluted or undfluted) is placed et the 
wellhead. Wheïe the effluent liquids leave the 
welL Tlais reservoir, or. contaifier, wlaich may 
vaïF from 5  gallons to 50 gallons for_ convenience, 
is connected to a proportioning purnp which in- 
]ects the demulsifier drop-wise into the fiuids 
leaving_the we]l. Such chemicalized fiuids pass 
through the?fiowline, inte a. settling tank. The 
settling tank. consists- oï- a tank. of any  conven- 
ient size, ïor instance,, one which WiI1. hold 
amounts of fluid produced in_4 to 9.4 hours.(500 
barrëls to 9.000 barrels capaciW), and in which 
there-is a perpendicular conduit ïrom the top 
of-the tank te a]most the very bottom.se as.to 
permithe incomifig fiuids to pass from the top 
of the sètt]in tank to the bottom, so that such 
incoming fiuids do.. not disturb stratification 
which tákes place dnring the course, oï demul- 
sification.  T-ho- settling tank- bas two. outlets; 
one- bein be!ow- the water !evel to drain 
dff. the. water, resul.tin ïrom demu]sification 
or. accomp.anying- the emulsion .as ïree water; 
the other being, an. off ourlet et the top 
to_.permit the- passage-, of dehydrated- off. to 
a ,Second tank, being a :storaetank, which holds 
pipeine or. dehydrated oil. If desired» the-con- 
duit- or pipe which, serres fo. carry, the fiuds 
ïrom the well to. the- settlin- tank may inc]ude 
a. section of: pipe with baffles to serve as a mixer» 
to insure thorouh.distribution oï the demulsifier 
throughout the-lïuids, or a- heater. ïor. raising 
the temperature-oï the fiuids to-some .conven 
ient temperature»  for instance, 120 ° to 160 °, F., 
or both heater and. mixer. 
Demulsificstion  pro¢edure ]s -s oartd.-: by. mp]y 
setting the.pump-so-as to. feed a comparatvely 
larg, ratio- oï-dem!s.ifie-r ïor instance, 
As.soon s: -. co,mptete "break" or sbi_sf,ctory 
demulsification is- obta-ined,, the pmp is- regu- 
late d..untfl.experielce shö:ws, that the amouït: of 
dëmulsifier .hein. added«is«j.ust suiïicient-t ,pro- 
duce-clan-or:dehydrted,;e! The a.muntbeing 
fed t s-uch stage! is..- ua:t]/1.:IO;OOO, t»1oo0; 
t. .20«090, oheliko; - -  . . " " - .. 

In- many instances tlie oxyalkylated prodimf- 
herein specified  as demulsifiers can be-conven--- 
iently used. withouç dilution. However, as previ- 
ous]y, noted; they may be diluted as desired.with 
5 any_suitable solvent. For instance; by mixing-5 
parts by weight of an oxyalkylated derivative 
for exemple, the product oï Exemple 29c with 15 
parts:by.weight of". xy]ene and I0 parts by weight 
of: isopropyl alcchol, an excellent demulsifier is. 
10 obtained, Selection of thesolvent will vary, de«. 
pènding-upon the solubflity characteristics.of, the: 
oxyalkylated product, and of course will .b dic- 
tated, in part by economic considerations; i.' e., 
cosç. 
15 As.noted-above, he products herein-described 
may be usèd hot only in. diluted form, but also 
mày be used. admixed with some other chemical, 
demulsifler 
PAleT 6 
2O Previous reference has been made to other, oxy- 
alkylating agents other than pi'opylene oxide,. 
such as ethylene oxide. Obviously variants can 
be prepared which do. hot depart ïrom what is 
said herein but do produce modifications. The 
25 diól derived by etherization of .glycerol in the. 
manner, described can be.prepared from glycerol. 
diethers which have been reacted with ethylene 
oxide in modest amounts and thon subjected. 
oxypropylation pzovided that the resultant de- 
30 rivative is (c) water-insoluble, (b) kerosene-sol- 
uble, and (c) has present 15 to 80 alkylene oxide 
radicals. Needless to say, in order to have waer- 
insolubility and.ker.osenersolubflity the large ma- 
35 jority mustbe .propylene oxide. Other variants 
suggest themselves, as, for exemple, replacing 
propylene oxideby.butylene oxide. 
More specifically thon one mole of such ether-: 
ized- glycerol of. the kind described can- be pro-. 
_tt pared fzom .one mole of a- glycerol diether which 
has been tçeated with 2, 4 or. 6 moles of ethylene 
oxide.an6 thon treated with propylene oxide so 
as. te produce a,water.-insoluble, kerosene-soluble 
dio. in .which there are. present 15 to 80 oxide 
radicals as previously spechïed.. Similarly the 
o propylene oxide can be added first and thon .the 
ethylene oxide; or-random oxyalkylation, can be 
employed.using a mixture of the:two oxides. The 
compounds so. obtained are readily esterified in 
the .same_marmez as-described in Part 3, preced- 
50 ing. Incidentally, the diols described in Part '9. 
or the modifications described therein can be 
treated with various reactants such as Elycide, 
epichlorohydrin, dimethyl sulfate, su!furic acid, 
maleic anhydride, ethylene imine, etc. If treated 
55 with .epichlorohydrin or monochloroacetic acid 
the resultantproduct can be. further.reacted with 
a tertiary: amine 'such- as. pyridine, or the like;-, te 
give quaternary ammonium compounds. If 
60 treated with.maleic anhydridete give a total ester 
the resultant can be treated with sodium, bisul 
fiteto/yield a sulfosuccinate. ,Sulfo groups can. 
beintroduced also by means of a sulfating agen 
as:previously suggested, or bytreating_thechlo« 
65 roaceticacid resultant with sodium sulfite, 
I bave. round that if such hydroxylated com- 
pound or compounds-are reacted further., so-as to 
producë entirely new derivatives, such new 
rivatives have the properties of the original hy- 
70 droxylated compound insoler that they are ef- 
fective and valuable demulsifying agents for res- 
olution of water-in-ofl emulsions as ïound in the 
petroleum industry, as break inducers in doctcr 
tretmenof sour crude, etc. 
,$ Having thus escribcd tuF.. irvention 
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claim as new and desire to secure by Letters of the water-in-oil type characterized by subject- 
Patent fs: ing the emulsion to the action of a demulsifier 
1. A process for breaking petroleum emulsions including hydrophile synthetic products; said hy- 
of the water-in-oil type characterized by sub- drophile synthetic products being characterized 
jecting the emulsion to the action of a demulsi- 5 by the following formula: 
fier including hydrophile synthetic products; said 

hydrophile synthetic products being character- 
ized by the following formula: 
OR' 
OHC(oHC3).O CsH / 
0 ] 0 \OR' 
(H 0 o C).,RC O--C--O--C--O C R(C 0 OH)», 

i0 

/ 
OHC3(OH«Cs).OCsH  
0 / 0 \OR' 
(HOOC)R o-c--c-o R(COOH) 
in which  is a whole number varying from 15 to 
80; R' is a hydrocarbon radical having less than 

H H H 8 carbon atoms, and R is the radical of the di- 
in which n is a whole number varying ïrom 15 15 carboxy acid 
to 80; n' is a whole number not over 2; R' fs a 

hydrocarbon radical having less than 8 carbon R/C°°H 
atoms, and R fs the radical of the polycarboxy 
acid \ 
COOtt 
c o OH 20 
/ said dicarboxy acid having not more than 8 car- 
\ bon atoms; with the further proviso that the 
(cooH)., parent diol prior to esterification be water-in- 

in which n' has its previous significance; with soluble and kerosene-soluble, and furthermore 
the further proviso that the parent diol prior to 25 that in said diol the two hydroxyl radicals be at- 
esterification be water-insoluble and kerosene- tached to two of the three adjacent carbon atoms 

soluble, and furthermore that in said diol the two 
hydroxyl radicals be attached to two of the three 
adjacent carbon atoms of a terminal group oppo- 
site to the terminal group 3O 
RO 
\CHO 
R  O / 
2. A process for breaking petroleum emulsions 35 
of the water-in-oil type characterized by subject- 
ing the emulsion to the action of a demulsifier 
including hydrophile synthetic products; said hy- 
drophile synthetic products being characterized 
by the following formula: 4O 
o R' 
OH«C(OH«C3).O 
o I o OR' 
H  H 
(Hooc)..o-c- -c-o 
R(COOH)., 
H H H 
in which n is a whole number varying from 15 fo 
80; n' is a whole number hot over 2; R' is a hy- 
drocarbon radical having less than 8 carbon 
atoms, and R is the radical of the polycarboxy 50 
acid 
COOH 
R / 
(CoOH)., 55 
in which '2' bas ifs previous significance; said 
polycarboxy acid having hot more than 8 carbon 
atoms; with the further proviso that the parent 
diol prior to esterification be water-insoluble and 
kerosene-soluble, and furthermore that in said 6O 
diol the two hydroxyl radicals be attached to two 
oï the three adjacent carbon atoms of a terminal 
group opposite to the terminal group 
RO 
\C H O 
R,O / 
3. A process for breaking petroletun emulsions 

of a terminal group opposite to the terminal 
group 
R'O 
\C3HO 
RO / 
4. The proeess of clalm 3 wherein R' has ai 
least S carbon atoms. 
5. The proeess of claire S wherein R' has ai 
least S carbon atoms and is derlved from a water- 
soluble alcohol. 
6. The process of claire 3 wherein R' bas at 
least 3 carbon atoms, fs dertved ïrom a water- 
soluble alcohol, and the dicarboxy acid is phthalic 
acid. 
7. The process of claim 3 wherein 1' has ai 
least 3 carbon atoms, ls derived ïrom a water- 
soluble alcohol, and the dlcarboxy acid is maleic 
acid. 
8. The process of claim 3 whereln 1' has ai 
least 3 carbon atoms, is derived from a water- 
soluble alcohol, and the dlcarboxy acid fs suc- 
cinic acid. 
9. The process of claim 3 wherein R' has at 
least 3 carbon atoms, is derived ïrom a water- 
soluble alcohol, and the dlcarboxy acld is citra- 
conlc acid. 
10. The process of claire 3 wherein R' has ai 
least 3 carbon atoms, is derived from a water- 
soluble alcohol, and the dicarboxy acid is digly- 
colllc acid. 
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